The potential use of odd-and branchedchain fatty acids (OBCFA) and purine bases (PB) as microbial markers in the equine hindgut was studied. For this purpose, feed particles adherent bacteria [solid associated bacteria (SAB)] and planktonic bacteria [liquid associated bacteria (PAB)] were isolated from total cecum and colon contents of 8 healthy, crossbred horses (9 ± 3 yr). Horses were fasted for 12 to 15 h before slaughter, and the cecum and colon were identifi ed and clamped in their extremities to avoid mixing of digesta contents. The total cecum or colon contents was collected into thermal containers previously fi lled with CO 2 , immediately transported to the laboratory, and subjected to separation of solid and liquid phases to obtain bacterial PAB and SAB pellets from each horse. Overall differences observed were mainly between site of bacterial collection (cecum vs. colon) rather than between type of bacterial population (PAB vs. SAB). Cecal bacteria fraction had greater (P < 0.05) OM, PB, and branched-chain fatty acids (BCFA):oddchain fatty acids (OFA) ratio but less (P < 0.05) BCFA, OFA, BCFA:PB ratio, and adenine:guanine ratio than colon bacterial biomass. Results indicated that the composition of cecal and colon bacteria is very different from that of similar ecosystems (e.g., rumen). These differences can be a refl ection of different growth stages or nutrition of particular populations as well as different bacterial metabolic activities. Results presented herein provide evidence that PB and fatty acids can be used as microbial markers in equine studies.
INTRODUCTION
In equines, most of the microbial protein produced in the hindgut is excreted in the feces, and it is generally assumed that it does not contribute substantially to the AA supply of the horse (Santos et al., 2011) . This may explain why the study of bacterial biomass in the equine hindgut has been rather neglected, contrasting with the extensive research on rumen microbial biomass production and composition. In fact, the importance of hindgut microbial metabolism is not yet fully understood. Although recent studies have focused on the variations of bacterial populations in the hindgut (Sadet-Bourgeteau and Julliand, 2010) and during laminitis induction (Milinovich et al., 2008 (Milinovich et al., , 2010 , little information is available on the interrelationships among different microbial populations.
In the rumen microbial ecosystem, it is well established that feed particles adherent bacteria [solid associated bacteria (SAB)] and planktonic bacteria [liquid associated bacteria (PAB)] have distinct metabolic activity and chemical composition (Merry and McAllan, 1983 ). These differences have been successfully used to predict the contribution of microbial CP to duodenal ammonia N fl ows (Broderick and Merchen, 1992) and to study the distribution of microbes within the rumen ecosystem using internal microbial markers.
No published information is available on the chemical composition of SAB and PAB of the equine hindgut microbial ecosystem. The objective of this study was to obtain information concerning chemical composition of microbial biomass of equine cecal and colon contents, particularly on the potential use of internal markers such as purine bases (PB) and microbial fatty acid (FA).
MATERIALS AND METHODS
Animal handling followed the EU directive number 86/609/EEC concerning animal care.
Total cecal and colon contents were collected individually from 8 healthy adult (average 9 ± 3 yr) crossbred horses immediately after slaughter at an offi cial slaughter house. All animals used were fasted for 12 to 15 h before slaughter. Total digesta contents were collected from the cecum and the colon. To avoid mixing of digesta contents, cecum and colon were identifi ed and their extremities were clamped. After this, a cut was made on 1 extreme of the cecum or colon, and total contents were collected into thermal containers previously fi lled with CO 2 , immediately transported to the laboratory, and subjected to separation of solid and liquid phases to obtain bacterial PAB and SAB pellets from both cecum and colon contents of each animal.
Procedures used to fractionate and to obtain bacterial pellets were described by Bessa et al. (2009) . All sample pellets obtained were freeze dried within a period of 24 h after differential centrifugation at 500 × g for 5 min., at 4ºC. The supernatant was then centrifuged at 20,000 × g for 20 min., at 4ºC. and kept at -20°C until later analysis. The SAB and PAB samples were analyzed for PB and FA profi le. Adenine and guanine were identifi ed and quantifi ed in bacterial pellets using the procedure proposed by Reynal and Broderick (2009) . The HPLC (Gilson System, 805 manometric module, 811C dynamic mixer, 305 and 306 pumps, and 234 auto-injector; Gilson, Inc., Middleton, WI) in combination with a column heater (Jones 7971; Jones Chromatography, Resolution Systems, Holland, MI) set at 28°C, a photodiode array detector (Finnigan Surveyor; Thermo Scientifi c, Waltham, MA) set to collect data specifi cally at 254 nm and over the range 200 to 600 nm, and the column (ACE C 18 reverse-phase column, 250 by 4.6 mm, 5 μm; ACE, Aberdeen, UK) was used. The solvents used were A (0.3 M potassium dihydrogen phosphate adjusted to pH 4 and fi ltered using a Millipore system with a 0.45 μm fi lter and then vacuum/ultrasound degassed) and B [80% solvent A with 20% of 100% HPLC-grade acetonitrile (vol/vol), which was fi ltered using a Millipore system with a 0.45 μm fi lter and then degassed by vacuum and ultrasound]. Injection volume of the samples was 10 μL. The fl ow rate was 1 mL/min and the linear gradient was as follows: Time (T) = 0 min (100% A), T = 7 min (100% A), T = 20 min (50% A and 50% B), T = 25 min (100% B), T = 30 min (100% B), T = 35 min (100% A), and T = 45 min (100% A). Calibration curves with pure adenine and guanine were constructed by 10 μL injection of 25, 50, 100, 250, and 500 μM standards.
Fatty acid analysis was conducted by the 1-step extraction-methylation method described by Sukhija and Palmquist (1988) . Quantifi cation of FA methyl ethers (FAME) was done by using nonadecanoic acid as internal standard and also by comparison of the FAME retention times with those of authentic standards (FAME mix 37 Components; Supelco Inc., Bellefont, PA; and Bacterial FAME mix; Matreya LLC, Pleasant Gap, PA). Additional confi rmation of FAME identity, particularly of those not present in commercial standards, were by electron impact (EI) and chemical ionization (CI) mass spectrometry, using acetonitrile as reagent of CI and an instrument (Varian Saturn 2200 System; Varian Inc., Walnut Creek, CA) equipped with the same capillary column and oven temperatures used in a fl ame-ionization detector (GLC-FID) analysis. Fatty acid methyl esters were analyzed (HP6890A Chromatograph; HewlettPackard, Avondale, PA) equipped with a GLC-FID and fused silica capillary column (CP-Sil 88, 100 m by 0.25 mm i.d. by 0.20 μm of fi lm thickness, Chrompack; Varian Inc., Walnut Creek, CA). Helium was used as the carrier gas and the injector split ratio was 1:50. The identifi cation of the FAME was also achieved by comparison of the FAME retention times with those of authentic standards (FAME mix 37 components from Supelco Inc., Bellefont, PA; and a bacterial FAME mix; Matreya LLC, Pleasant Gap, PA). Additional confi rmation of FAME identity, particularly of those not present in commercial standards, were by EI and CI mass spectrometry using acetonitrile as reagent of CI and a system (Varian Saturn 2200; Varian Inc.) equipped with the same capillary column and oven temperatures used in GLC-FID analysis.
Bacterial PAB and SAB samples from cecal and colon contents of each animal were analyzed for ash (determined by combustion in a muffl e furnace according to method number 942.05; AOAC, 1990) . Those samples were also analyzed for total N as Kjeldahl N (method 954.01; AOAC, 1990) .
Data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) with a model considering the fi xed effects of type of bacteria (PAB vs. SAB), location (cecum vs. colon), and the interaction between bacteria and location. Horses were included as random effect in the model. Least square means were presented in the tables. When signifi cant interactions between type of bacteria and location were observed, comparisons of means were conducted using the LSD procedure. The horse was the experimental unit for all analyses. Table 1 presents concentrations of OM, PB, N, CP, total FA, and odd-and branched-chain FA (OBCFA) in cecum and colon SAB and PAB bacteria biomass. The OM content of equine hindgut bacterial biomass was generally consistent with that reported for rumen bacterial biomass (Merry and McAllan, 1983; Olubobokun and Craig, 1990; Bessa et al., 2009) . The N content was slightly less (average of 68.4 mg/g OM) than that reported for rumen bacteria (average of 86 mg/g OM; Merry and McAllan, 1983; Cecava et al., 1990; Bessa et al., 2009 ). The PB content of equine hindgut bacterial biomass ranged from 0.39 to 1.1 mg/g OM, which is substantially less than values reported for rumen bacterial biomass [9 to 29 mg/g OM (Bessa et al., 2009) , 15.9 mg/g DM (Broderick and Merchen, 1992) , and 13.8 mg/g DM (Obispo and Dehority, 1999) ]. There was also a greater PB content in the cecum than the colon, and PAB had greater PB content than SAB. These differences may be due to different microbial composition, especially to differences in intensity of anabolic metabolism. Large differences in nucleic acids content have been related to different stages of growth or nutrition of particular populations or both as well as to different bacterial compositions (Merry and McAllan, 1983) . The low PB content in microbial biomass can be related to differences in microbial metabolism occurring in the hindgut compared with the rumen. Although no previous reports have addressed the PB content and amount in the equine hindgut, several studies (Lin and Stahl, 1995, Daly and Shirazi-Beechey, 2003) have reported specifi c bacterial strains or metabolic activity or both in the cecum and colon of horses, indicating a specifi c adaptation of bacteria to a different environment compared with that of the rumen because of the type of substrate that the microbial population has available.
RESULTS AND DISCUSSION
Values observed for the adenine:guanine ratio were greater (1.40) than those reported for rumen bacteria, which can vary from 0.56 to 0.81 (Carro and Miller 2002; Reynal and Broderick 2009 ). This indicates a greater amount of adenine in equine hindgut bacteria compared with rumen bacteria. Adenine is a core nucleotide of ATP, ADP, and adenosine monophosphate (AMP). In environments that are limited by nutrients, energy spilling reactions are a common feature in bacteria (Russell and Cook, 1995) probably because of the exhaustion of storage capacity (i.e., adenine nucleotide pool). Potential methods of energy spilling in bacteria include futile enzyme or K + cycles, among others, where ATP is "spent" in futile reactions, resulting in synthesis of ADP + inorganic phosphorous (Pi; Russell and Cook, 1995) . The type of substrate that reaches the equine cecum and colon can be expected to be N limiting because most of the soluble N will be digested in the prececal compartments. This would limit the growth effi ciency of the microbial population, which is consistent with a low PB content as proposed by Carro and Miller (2002) , and a situation of energetic uncoupling with energy spilling reactions can occur. This would lead to greater energized bacterial populations and an increase in the adenine nucleoside pool, leading to greater adenine:guanine ratio in the cecum and colon microbial population compared with that of the rumen. The fact that horses used in this study were fasted may also have contributed to the results. However, recent studies from our team using PB as microbial markers in cecal contents of cannulated, fed horses indicated similar PB and adenine:guanine ratio as those observed in this study (Santos et al., 2012) . Total FA concentration of bacterial biomass did not differ between PAB and SAB, which is a different pattern that that observed in the rumen where FA concentration of SAB is consistently greater than PAB (Merry and McAllan, 1983; Bessa et al., 2009) . Table 2 presents results of the FA profi le (g/100 g FA). The FA profi le of equine hindgut bacterial biomass is fairly consistent with rumen bacteria FA composition, in which C18:0 followed by C16:0 are by far the main FA. Also, intermediates of C18 PUFA as well as odd linear chain FA and branchedchain FA biohydrogenation were identifi ed. The occurrence of C18 biohydrogenation intermediates in equine hindgut bacteria is not surprising considering that C18 PUFA biohydrogenation has been reported in the digestive tract of other nonruminant animals (Palmquist et al., 2005; Lazzaroni et al., 2009; Martínez-Ramirez et al., 2010) . It is not known if biohydrogenating bacteria in the equine hindgut are the same as those in the rumen, but the profi le of C18:1 trans isomers, with predominance of C18:1 trans-11, indicates that similar pathways are present. Solid associated bacteria tended to contain more biohydrogenation intermediates (this is clear for C18:1 trans-11 and CLA) than PAB as observed in the rumen. Nevertheless, the difference between both types of populations is much less pronounced than that observed in the rumen. Cecal biomass also tended to contain more biohydrogenation intermediates than the colon as well as dietary derived C18 PUFA, probably refl ecting the difference in quality of feed digested in these compartments, which points to different microbial populations. The equine hindgut bacterial biomass contained approximately twice the concentration of odd-(OFA) and branched-chain fatty acids (BCFA) compared with values reported for rumen bacteria (Vlaeminck et al., 2006; Bessa et al., 2009) . Colon bacteria had greatest OBCFA concentrations and the lowest BCFA:OFA ratio compared with cecum bacteria. Proportions of OBCFA (g/100 g FA) in all hindgut bacterial fractions are not totally comparable with concentrations of rumen PAB and SAB because a greater concentration of C15:0 FA was observed in this study than that observed in the rumen. As a result, bacterial fractions had ratios of BCFA:OFA that are less than those present in rumen PAB and slightly less than those present in rumen SAB (Vlaeminck et al., 2006; Bessa et al., 2009) . Differences between equine PAB and SAB are less compared with rumen bacteria.
In conclusion, results presented in this work provide evidence that PB and OBCFA can be used as microbial markers in equine studies. Although differences observed among cecal and colon bacterial contents should be taken into account, the use of microbial markers techniques is of great interest in studying the equine hindgut microbial profi le and metabolism.
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